The Zn(II) complexes of 4,6-O-butylidene/ethylidene-N-(a-hydroxynaphthylidene/o-hydroxybenzylidene)-b-D D -glucopyranosylamine have been synthesized and characterized using spectral and analytical methods and structure for one of the products was established. The geometry of the complexes vary from unusual distorted trigonal bipyramidal to pseudo-bicapped tetrahedron depending upon the extent of binding of pyranose ring oxygens to the Zn(II) ion, as evidenced from crystal structures. Such interaction is also reflected on the optical rotation and CD spectral properties of these complexes in solution.
Introduction
Carbohydrates have wide spread occurrence in nature and are indispensable compounds to living organisms [1] . Many sugar-containing enzymes support redox non-active Zn 2þ ion at the active site [2] . Though the interaction of Zn(II) with the carbohydrates and its derivatives is reported in the recent literature [3] , not enough compounds have been isolated and hence this reflects the necessity to understand more about the coordination behavior of carbohydrates towards Zn(II). However, the coordination chemistry of carbohydrates poses some difficulties in the isolation of discrete compounds and in their structural assignment. Further, because of the steric complexity of carbohydrates, there is no reliable technique, except for X-ray crystallography and/or NMR spectroscopy, to clarify the details of the structures of these complexes, even when the complex is successfully isolated. As a significant part of our ongoing program to understand the nature of carbohydrate-transition metal interactions [4], we wish to report the unusual interaction extended between the pyranose ring oxygen and Zn(II) center in the complexes derived from 4,6-O-butylidene/ethylidene-N-(a-hydroxynaphthylidene/o-hydroxybenzylidene)-b-D D -glucopyranosylamine. As a consequence of such interaction, a bicapped-tetrahedral (BCT) complex of zinc was formed as proven based on the crystal structure and to our knowledge this is the first example of a Zn(II) sugar complex having BCT geometry. It is known from the literature that BCT geometry is rare in the co-ordination compounds. Some d 6 transition metal dihydrides, and some d 4 and d 0 complexes showed BCT geometry [5] . In the process Zn(II) complexes of 4,6-O-butylidene-N-(a-hydroxynaphthy-
, viz., 1, 2, 3, and 4, respectively were synthesized and characterized and crystal structure of 2 is determined. The ligands used in this paper are altogether of new series possessing saccharide moiety whose coordination chemistry is rather under explored.
Results and discussion
The ligands H 3 L 1 -H 3 L 4 were synthesized as reported by us recently [6] . The reaction of Zn(OAc) 2 Á2H 2 O with the ligands are reacted in 1:2 ratio in methanol at room temperature yielded the desired complexes and were purified by washing with cold methanol and diethyl ether followed by drying. All the complexes were characterized by analytical and spectral methods [7] [8] [9] . Further the structure in case of 2 was established by single crystal XRD. The elemental analytical results fits well with the complexes having a composition of 1:2 of metal to ligand. The molecular weights of the complexes were confirmed through the molecular ion peaks in their FAB mass spectra. The isotopic pattern of the molecular ion peak fits well with the presence of one Zn(II) center in these complexes. The fragmentation pattern involves an initial loss of a ligand unit from the complex followed by a metal ion to result in the ligand, ZnðL n Þ 2 ! ÀL n ZnðL n Þ ! ÀZn L n which undergoes further fragmentation. In the 1 H NMR spectrum of the complexes, the peak due to CH@N shifts up-field by 0.037, 0.087, 0.335, and 0.3 ppm, respectively in case of 1, 2, 3, and 4 when compared to the corresponding ligands, indicating the binding of CH@N to Zn(II) ion. The FTIR spectra of the complexes also supports the CH@N binding by showing a decrease of 7-22 cm À1 in its m C@H band. Further the retention of the peaks of C2-OH and C3-OH in the 1 H NMR spectra of complexes indicate that these hydroxyl groups are not involved in the interaction with the Zn(II) ion through deprotonation. Disappearance of peak due to phenolic-OH in the complexes suggest the binding of this group to Zn(II) through deprotonation. The configuration at C1 position in the complexes was identified to be b as the observed 3 J H1;H2 values were 5.5, 7.7, 6.2, and 7.3 Hz, respectively for 1, 2, 3 and 4. The anomeric nature of C1 center was confirmed based on the crystal structures of 2 reported in this paper as well as that of 4 reported by us earlier [10] .
In the UV-Visible absorption spectra of complexes, 1-4, there is an increase in the intensity of the bands in UV region by about 2.5-3 times when compared to the same in the corresponding ligands. The band observed at 303-319 nm arising from n ! p* of the azomethine group shows red shift of about 50 nm in case of 3 and 4, and 15 nm in case of 1 and 2. On the other hand, the benzenoid bands observed at 418-423 nm in the naphthyl derivatives (H 3 L 1 and H 3 L 2 ) show a blue shift of about 35 nm in the corresponding complexes. Thus the formation of Zn(II) complexes was well established based on the absorption spectral studies (see Scheme 1) .
In the CD spectra, the complexes have stronger and better-defined cotton effects, than the corresponding ligands. All the complexes have one intense band (399-418 nm) in the positive region and another (331-378 nm) in the negative region, indicating the absolute configuration around the Zn(II) center to be the same in all cases. The stereochemical contributions to the CD spectra arise from the puckering of the conformation of the individual chelate rings as well as the presence of asymmetric groups in the ligand. The typical CD and UV-Vis absorption spectra in case of 2 and 3 are shown in Fig. 1 . The specific rotations of 1-4 shifts to more negative value when compared to the corresponding ligands. This trend is even observed in the dinuclear copper complexes derived from the same set of ligands as reported recently by us [6c] . The difference in the optical rotation of benzylidene derivative (H 3 L 3 and H 3 L 4 ) and naphthylidene derivative (H 3 L 1 and H 3 L 2 ) is rather marginal indicating no additional influence of the naphthylidene moiety in the latter. On the other hand the corresponding complexes, on going from 3 to 1 or 4 to 2 the difference in the optical rotation is very large. This is explainable based on the fact that the Zn(II) center in 2 interacts with both the pyranose oxygens where as it interacts with only one in case of complex 4, and supporting that the greater the interaction between the saccharide and metal ion, the greater is the negative shift in the optical rotation. The interaction extended to Zn(II) from the pyranose ring oxygen is further established by single crystal X-ray structure determination in case of 2 (naphthylidene) and 4 (benzylidene) and the number of interactions were found to be two and one respectively and thereby support that the solution structure is same as that obtained in the solid state.
Thus the present studies clearly demonstrates that the greater the interaction of the saccharide with the Zn(II) center the higher the negative shift in its optical rotation. Hence such observation can be used as a marker for assessing the interaction of the saccharide portion of the ligands even when the crystal structures were not established.
In the crystal structure of 2 [11] , the complex is neutral and mononuclear with metal to ligand ratio of 1:2, where each ligand interacts with the Zn(II) through imine nitrogen and phenolic oxygen to result in a N 2 O 2 core. However, both the pyranose oxygens were found to have Zn-O pyranose distances of 2.713 (1) and 2.703 (1) A A, indicating weak interaction of the pyranose oxygens with the Zn(II) center and there by resulting in a coordination core of N 2 O 4 as shown in Fig. 2 . Thus the metric data fits very well with a pseudo-BCT geometry around the Zn(II) center, with the two pyranose oxygens being capped on the faces having two imine nitrogens and phenolic oxygen. Further the configuration at C1 is found to be b. The bond angles, O42-Zn27-O28 149.5 (1)°and O15-Zn27-O1 147.3(1)°, indicate that the inclination of the pyranose oxygens on their respective faces towards the phenolic oxygen is almost same. Since the ligands used in the present study have b configuration, co-ordination of the imine nitrogen draws the pyranose ring oxygen atom towards Zn(II) ion. This can be seen from the Zn-N bond distances. In 2, the Zn-imine nitrogen bond distances are 1.976(3) and 1.973(3) A A while in 4 they are 1.992(4) and 2.041 (4) A A [10] , thus showing that there is strong interaction between Zn(II) and imine nitrogen in 2 as compared to 4, hence both the pyranose oxygens are binding in case of 2, while only one in case of 4. Based on the Cremer & Pople puckering parameters the conformation [12] of the rings O15-C14-C25-C23-C22-C16 and O42-C41-C52-C50-C49-C43 are found to be 4 C 1 , while remaining six-membered rings formed as a result of acetal protections, viz., O18-C17-C16-C22-O21-C19 and O45-C44-C43-C49-O48-C46 also exhibit chair form. In the lattice of 2, there are five strong intermolecular hydrogen bond interactions involving C2-OH, C3-OH, O phen and solvent methanol as extended to three different neighbor complexes [13] . Methanol is trapped through two H-bond interactions inside a cavity formed by four neighbor complexes that were connected through H-bond interactions as shown in Fig. 3 . (1), O28-Zn27-O1 110.37(10), O28-Zn27-N40 94.56(10), O1-Zn27-N40 113.77(10), O28-Zn27-N13 120.69(10), O1-Zn27-N13 93.14(10), N40-Zn27-N13 125.03(11), O42-Zn27-O15 82.54(7), O42-Zn27-N40 54.93(9), O42-Zn27-O1 85.67(9), O42-Zn27-O28 149.49(8), O15-Zn27-N13 55.14(9), O15-Zn27-O28 9472(8), O15-Zn27-N40 83.63(9), O15-Zn27-O1 147.27(8), O42-Zn27-N13 82.52(9). 
Conclusions and correlations
The interaction of the pyranose ring oxygen with the metal ion is an unusual phenomenon and out of the four complexes (1-4) studied, the structures of two (2 and 4) were established by single crystal XRD. The geometry around the Zn(II) center is found to be distorted trigonal bipyramidal (4) and a pseudo-BCT (2) when the number of pyranose oxygens binding to the Zn(II) center were one and two, respectively. Presence of these unusual kind of ligands based on saccharide, viz., H 3 L 1 to H 3 L 4 poses structural variation when these are bound to metal ion centers. Further the b-configuration and the 4 C 1 conformation of the saccharide are maintained even after complexation. The present studies of CD and optical rotation clearly demonstrates that the greater the interaction of the saccharide with the Zn(II) center the higher the negative shift in its optical rotation. Hence such observation can be used as a marker for assessing the interaction of the saccharide portion in the complexes even when the crystal structures were not established. Methanol is found to be present in the cavity formed by four neighbour complexes via two H-bond interactions extended between the methanol and neighbour complex units.
